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Scarcity and demand
The global population has tripled in the
last 100 years, whereas water use by
humans has increased 6-fold. Major water
shortages seem certain if these trends con-
tinue. With the aim of avoiding the risk of
water deficiency, the World Water Coun-
cil’s World Water Vision report proposed a
strategy that includes efforts to increase
water availability and improve storage,
reform water resources management insti-
tutions, appraise ecosystem functions, and
increase transboundary cooperation.
To address these issues and the con-
cerns of the residents of rural watersheds
in the Middle Mountains of Nepal (see
the paper by Merz et al in the Research
section of this issue), new ways of manag-
ing available water resources must be
adopted. A study conducted in 2 water-
sheds in Nepal—the Jhikhu Khola (JKW)
and the Yarsha Khola (YKW)—by the Peo-
ple and Resource Dynamics in Mountain
Watersheds of the Hindu Kush–Himalayas
Project (PARDYP), operated by the Inter-
national Centre for Integrated Mountain
Development (ICIMOD), revealed that:
1. Water resources are becoming
increasingly scarce. Shortage of water
for agricultural and domestic purpos-
es during the dry months of the year
is of particular concern. The main
reasons for this are intensification of
agriculture to meet the increasing
demand for food from a rapidly grow-
ing population and development
efforts to promote marketing of agri-
cultural crops.
2. Issues related to water quality are of a
growing concern among local resi-
dents in the area, primarily in the
vicinity of settlements. Microbiologi-
cal data show that fecal contamination
is a problem throughout the water-
sheds. Intensified agriculture is
adding to concerns about quality of
water because shallow groundwater
wells and surface water courses are
contaminated by nitrate and phos-
phate at levels that pose a threat to
health.
Management of water resources on
this scale must address supply, demand,
and quality from a social and technical
point of view. The technical management
options may be based on indigenous
knowledge and traditional, often forgot-
ten, methods or derived from scientific
knowledge. The most important criterion,
however, is that any solution to this prob-
lem has to be cheap, simple, and farmer-
oriented in order to be adopted by the
population (Figure 1).
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Water scarcity is a major issue in rural
watersheds in the Middle Mountains of
Nepal and in the entire Hindu
Kush–Himalaya region. Dense population
and heavy dependence on irrigated agricul-
ture place immense pressure on available
water resources, which have a distinct sea-
sonality. New forms of management based
on traditional and scientific knowledge
must be introduced to solve problems of
water supply, water demand, and water
quality in these watersheds.
A related article in the Research section of
this issue, Water: A Scarce Resource in Rur-
al Watersheds of Nepal’s Middle Mountains,
by Juerg Merz et al, further explores the
problem of water availability in Nepal. Ed.
FIGURE 1 A local woman with a
project-financed water harvesting
jar and a jar financed completely
by her family. (Photo by Gopal
Nakarmi)
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With respect to the social organiza-
tion of water resources management at
the watershed scale in Nepal, the main
area of concern is the degree of involve-
ment of the government in the develop-
ment and management of water supplies
and in resolving conflicts between com-
munity-based and household-based water
supplies. In Nepal, water supply has tradi-
tionally been organized at the community
level. Supplies of irrigation water in the
Middle Mountains are still organized
largely by the farmers themselves, without
the involvement of irrigation line agen-
cies. An estimated 30% of the irrigated
area is being developed by agencies, leav-
ing the remaining 70% to farmers. Drink-
ing water supply is still community-based
to a large extent. However, more and
more communities expect government or
donor support for the maintenance of
their systems.
Projects such as the Rural Water Sup-
ply and Sanitation Support Project
(RWSSSP) of His Majesty’s Government of
Nepal and the Government of Finland
focus on water supply at the household
level. Similarly, Vision 21 of the Water
Supply and Sanitation Collaborative Coun-
cil is targeting households as the first
planning and management level for envi-
ronmental services, hoping that changes
in households will lead to more coopera-
tion in the neighborhood and the commu-
nity. In this context, World Water Vision is
calling for empowerment of communities
and of both sexes.
In rural Nepal, water is still perceived
to be a free public good. However, the
development of infrastructure involves
expenditure. This is true even for a simple
gutter and drum used for water harvest-
ing. The economic value of water has to
be ascertained, and some payment is
essential if water sustainability is to be
achieved.
Supply management
The trend toward more efficient use of
water seems to focus on the proper and
environmentally sound use of water to
the last drop, both for drinking and agri-
cultural purposes. In the Middle Moun-
tains of Nepal, water use has traditionally
been restricted to springs and rivers.
Most people in these areas still rely on
natural springs and gravity-flow water
supply systems, as shown by studies in
JKW and YKW. Additional new water
sources, such as groundwater, fog, and
rainfall, need to be accessed to meet
growing demands.
Water harvesting
Farmers in the Middle Mountains have
traditionally managed ponds along ridges
and on slopes for watering of animals
(Figure 2). These ponds improved
recharge and also helped to increase
spring yields. Over time, however, many
ponds disappeared because farmers did
not maintain them and they silted up.
Water supply from this form of surface
runoff harvesting seems to be appropriate,
both for improved recharge and small-
scale irrigation. Storage facilities can be
improved to enhance the availability of
harvested surface water. PARDYP has car-
ried out trials with underground cisterns
to decrease evaporation losses from open
water surfaces. However, the expenses
involved in the setting up of this system
are still too high for farmers to bear the
initial cost.
Roof water harvesting for drinking
has traditionally not been practiced in the
FIGURE 2 Traditional water harvesting in the Middle
Mountains of Nepal. (Photo by Gopal Nakarmi)
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Middle Mountains but could help to
increase water supply, mainly along the
ridges in the watersheds and on spurs with
no access to springs or streams. PARDYP,
in collaboration with the Water Harvest-
ing Project of ICIMOD and RWSSSP, pro-
vided hands-on training to local masons in
JKW and YKW in the construction of low-
cost roof water collection systems. In addi-
tion, 13 units were fabricated for demon-
stration purposes, and another 6 systems
were installed at local initiative. According
to a study by PARDYP, the main beneficiar-
ies of this technology are women and chil-
dren because they are largely responsible
for collecting water for household use and
for animals (Figure 3).
Harvesting of spring water, as promot-
ed by Support Activities for Poor Produc-
ers of Nepal, relies on the unused over-
flow of springs, which is collected in a
lined pond or tank for later distribution
to agricultural fields. This intervention
promises the greatest conservation of
water at the lowest cost.
Groundwater
Shallow groundwater is a new resource
increasingly being accessed in the valley of
JKW, where more than 40 shallow wells
were constructed in the last 2 years and
additional wells are being constructed.
Currently these wells are used mainly for
domestic purposes. However, preliminary
studies of their water quality show that
microbiological contamination is a major
concern, along with high levels of nitrate
and phosphate believed to be caused by
excessive and still increasing use of miner-
al fertilizers.
It is foreseen that water will be
extracted from shallow aquifers for irriga-
tion. In this context, the use of treadle
pumps, such as those promoted by Inter-
national Development Enterprises (IDE),
an international NGO, could be promoted
to limit water extraction. In the light of
increased groundwater extraction,
recharge of the shallow aquifers must be
ensured and necessary provisions made.
Shallow groundwater resources are also
prone to contamination; this is of particu-
lar concern in the lowland area of JKW,
where agricultural inputs are very high.
The availability of deep groundwater in
the watershed has not yet been explored,
but there appears to be little promise of
large-scale exploitation in the area
because of geological conditions.
Fog collection
Fog water harvesting is a very new concept
in the region. Recently, a number of fog
collection tests were conducted in Nepal
by Nepal Water for Health, and several
simple community-based fog collectors are
in the process of being set up. This
method seems to be very promising in
areas between 1900 and 3500 m, where
orographic fog can be expected. However,
there is resistance from users who have
difficulty believing that fog can provide
them with an adequate supply of water on
a regular basis.
Demand management
Demand management is based exclusive-
ly on agricultural demand, as domestic
demand is minimal at present in the
rural areas of Nepal. A total of 21 L/d
per capita in YKW and 23 L/d in JKW are
used for domestic purposes. However,
with increasing awareness of sanitation
issues, domestic water demand may
increase in future.
FIGURE 3 Water vessels (gagri) in front of a tap, to be
filled. (Photo by Smita Shrestha)
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Alternative water application
Traditionally, irrigation has been carried
out largely by means of flood and furrow
methods, depending on the crop. Veg-
etable crops are often irrigated by means
of the bucket method, which involves a
great deal of labor and time. Whereas irri-
gation of the staple crops depends greatly
on the availability of water in the rivers to
supply water to the irrigation systems, off-
season vegetable production could be
based on microirrigation. Depending on
the crop and the location, sprinkler and
drip irrigation systems appear to be appro-
priate alternatives. A number of different
low-cost kits are provided by IDE. Com-
pared with the traditional system of buck-
et irrigation, drip irrigation in small-scale
cash crop farming has proven to be effec-
tive by reducing water application and by
maintaining yield. Other methods such as
bubble irrigation are used in the dry and
cold zones of Pakistan.
Water conservation
Mulching with rice and wheat straw, as
well as other on-farm and off-farm
resources, has traditionally been practiced
in Nepal for seedling production of differ-
ent annual and perennial crops. In the
Kathmandu Valley, rice husk is used for
mulching in vegetable fields. In the hills,
farmers use aromatic plants for mulching
fruit trees. This labor-intensive practice,
however, has been widely discarded in the
region. Ginger and turmeric mulching is
still widely practiced for production of
annual crops. The Helvetas Sustainable
Soil Management Project aims to promote
traditional mulching practices with weeds
and aromatic plants.
Besides these mulching materials,
plastic film technology (PFT) has been
used extensively for mulching through-
out the world. China is a world leader in
this technology; large areas under differ-
ent crops are treated with PFT. The bene-
fits of this technology are increased soil
moisture retention, weed control,
improvement of the temperature regime,
promotion of seed germination, and
accelerated growth leading to higher
yields. One concern with PFT is the
resulting plastic waste, which is harmful
to the environment. Several ways of cop-
ing with this issue and gaining economic
benefits from it have been documented
in China. In the context of Himalayan
farming, it is suggested that this
approach be used mainly for high-value
cash crop production.
Quality management
In terms of quality management, there
are 2 ways of fighting contamination: pre-
ventive and rehabilitative solutions. Water
treatment, which is expensive, is consid-
ered rehabilitative but is usually a short-
term solution. Long-term or preventive
measures are often more difficult to
implement but are less expensive and
lead to more appropriate and lasting solu-
tions. With respect to water quality, both
methods should be applied, as appropri-
ate.
Low-cost water treatment
Microbiological contamination can be
controlled by water treatment. Often,
treatment involves high costs in terms of
labor or money. This can be observed
especially in the case of boiling, where
fuelwood has to be collected or kerosene
has to be purchased. Because of these
costs, people refrain from boiling water.
PARDYP has done some trials with low-
cost water filters using locally available
material. The latest tests using solar radia-
tion to disinfect drinking water have been
very promising. The Swiss Federal Insti-
tute for Environmental Science and Tech-
nology is promoting and disseminating a
Solar Water Disinfection Process.
Catchment and spring protection
Two preventive measures can be taken to
decrease the inflow of contaminants of
different origin into the public water sup-
ply. Catchment protection focuses on pre-
venting contaminants from being deposit-
ed in the recharge areas of springs and
groundwater. This can be achieved by
declaring these areas as protected zones
where access to people and cattle is
restricted. In the heavily populated areas
in the Middle Mountains, the closure of
recharge zones may be impracticable.
However, careful management of these
zones is possible with the involvement of
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the community concerned and through
creation of awareness among the people
using the water (Figure 4).
Spring protection helps to decrease
the inflow of contaminants at the supply
point by preventing interaction between
surface water and spring water. This can
be achieved by diverting surface water
around the spring box and by construct-
ing and maintaining closed spring boxes.
Measures to change sanitary conditions
and practices around the wells and springs
are a prerequisite.
Conclusions
Many residents of the Middle Mountains
in the Hindu Kush–Himalaya face short-
age of water for domestic and agricultural
use. Improved supply, demand, and quali-
ty management of water resources must
take into consideration the current situa-
tion, with active local participation and
creation of awareness with respect to pre-
ventive and curative methods. Locally
based organizations should be strength-
ened and fully involved in the discussion
of water resources management. More
studies need to be undertaken in this con-
text to further support local groups in
integrated water management.
FIGURE 4 “Let’s train our children to
use the proper toilet.” Awareness
campaign for improved sanitation. 
(Photo by Juerg Merz) 
